Abstract Aging decreases the normal organism physiological functions. On the other hand, physical exercise shows health benefits, but little information is known about physical deconditioning at aging. The aim of the present study was to analyze the glucose muscle metabolism in middle-age Wistar rats in response to conditioning and physical deconditioning. The study included three groups: Control (C)-not performed physical training; Trained (T)-performed physical training from 4 to 12 monthsswimming exercise for 1 h per day, 5 days per week at 80% of maximal lactate stead state-MLSS; Detrained (D)-performed to physical training from 4 to 8 months and assessed at 12 months (D). Physical training at submaximal intensities induced decreases in body weight (C 588 ± 71, T 515 ± 72, D 576 ± 62 g), and the weight of mesenteric adipose tissue (C 4399 ± 643, T 3007 ± 811, D 4085 ± 540 mg/g), and increases in exercise workload in MLSS intensity (C 4.6 ± 0.4, T 5.8 ± 1.3, D 5.3 ± 0.4% body weight), glucose tolerance (C 12314 ± 1122, T 8428 ± 853, D 9433 ± 1200 mg/ dL 120 min), glycogen deposits (C 0.48 ± 0.07, T 0.66 ± 0.18, D 0.46 ± 0.10 mg/100 mg) and glucose uptake by skeletal muscle (C 1.96 ± 0.54, T 3.28 ± 0.53, D 2.55 ± 0.35 lmol/g/h) in trained animals. Additionally, the improvement in exercise load in MLSS, glucose tolerance and glucose uptake was maintained after physical detraining. In summary, the physical training promotes alterations in body weight, fat tissue, aerobic capacity and muscular glucose metabolism in middle-age rats. However, only the aerobic capacity and muscular glucose metabolism were maintained after detraining.
Introduction
It is already well established in the literature that the aging process causes several changes in human metabolism, such as reduction of aerobic capacity and increase in the prevalence of diseases.
Studies have shown that during the aging process there is a tendency to increase body weight, mainly visceral fat, accompanied by the reduction of lean mass, which is directly correlated with insulin resistance and glucose intolerance [1] [2] [3] [4] .
This scenario of a global pandemic of obesity has encouraged the use of exercise as a non-medication treatment for various diseases, such as obesity, diabetes mellitus, hypertension, changes in plasma lipids and insulin resistance [4] [5] [6] [7] [8] .
Physical exercise that is performed in a controlled manner (e.g., volume, frequency and intensity) provides several benefits to the organism, including disease control and improvements in aerobic capacity [7, 9] . A systematic program of physical training is expected to improve physical fitness [10] .
Aerobic capacity, also known as maximum oxygen consumption (VO 2max ), is the maximum amount of oxygen uptake, transport and use during an exercise session for the generation of energy [11] . Improvements in aerobic capacity over time are possible with regular physical exercise, but a decrease in this capacity occurs in response to several factors, including a reduction in physical activity, chronic disease and aging [12] [13] [14] . Aerobic capacity is an important parameter for training development and the evaluation of fitness improvement in athletes.
Physical exercise should be practiced in a chronic and controlled manner such that the generated adaptations in aerobic capacity persist. Physical training of a known intensity that is prescribed according to an individual's physical capacity makes the practice of physical exercise safer for individuals. The maximum lactate steady state (MLSS) test, which is the gold standard for determining the transition from predominantly aerobic/anaerobic exercise with a constant load, is often used.
Physical training also produces an increase in muscle glycogen [10, 15, 16] , which is an important substrate for energy generation during exercise. Therefore, an increase in the levels of muscle glycogen increases the available substrates and duration of energy generation, which may determine the duration of aerobic exercise [14, 17, 18] .
The increase in skeletal muscle glucose uptake is important for improving glycemia in and normoglycemic and diabetic individuals, and physical exercise increases glucose uptake by voluntary muscles [19] [20] [21] .
The literature also shows that 5-week physical detraining causes cardiac output and heart rate to return to pretraining values, so the importance of physical exercise is maintained chronically [22] . However, most studies evaluate short and medium periods of physical training, followed by short periods of physical detraining.
The aim of the present study was to analyze the effect of systematic submaximal physical exercise and 4-month physical detraining on aerobic capacity and glucose muscle metabolism in middle-age Wistar rats.
The hypotese of the study was that physical exercise would be able to reduce the declines caused by the aging process in aerobic capacity, glucose metabolism and body composition and that physical detraining of 4 months could reverse some of the adaptations of physical training.
Methods Animals
Wistar rats (Rattus norvegicus albinus) were used in the present study. The experiment was initiated in 2-month-old animals, and these animals were maintained until 12 months of age. The rats were reared collectively (4 animals per cage) in plastic cages, fed a standard rodent diet (Purina) and provided water ad libitum at an ambient temperature of 25°C and a photoperiod of 12 h of light and dark. The Ethics Committee on Animal Use of the Institute of Biosciences, UNESP, Rio Claro (''Comitê de É tica no uso de Animais do Instituto de Biociências, UNESP, Rio Claro''-CEUA) approved all the procedures performed on animals under protocol 2638.
Design and experimental groups
The rats were separated into three groups based on the training performed:
Control Group (n = 8)-not performed to physical training and assessed at 12 months.
Trained Group (n = 8)-performed to physical training at an intensity of 80% MLSS starting in early adulthood (4 months old), maintained until the end of the study (12 months) and evaluated at 12 months.
Detrained Group (n = 8)-performed to physical training at an intensity of 80% MLSS starting in early adulthood (4 months old), lasting 4 months, stopped at 8 months of age and evaluated at 12 months.
Physical training
Animals in the trained and detrained groups performed swimming exercise in individual water tanks at 30 ± 2°C, 1 h per day, 5 day per week. Lead weights were tied to the rat's chest, which represents 80% of the load equivalent to aerobic/anaerobic metabolic transition as identified by the MLSS. The MLSS was evaluated every 2 months to readjust the training loads.
Maximal lactate steady state-MLSS
The MLSS is equivalent to the highest concentration of lactate entry into the blood circulation, which is counterbalanced by lactate removal during exercise under constant loads [23] . MLSS determinations are useful in exercise prescriptions and assessments of aerobic capacity. Our research group recently described a protocol for MLSS determinations in rats during swimming exercise [21] , and this protocol was used in the present study.
Briefly, the animals performed various swimming tests while supporting constant and increasing exercise loads in relation to their body weight at 48-h intervals until a stabilization of blood lactate concentrations during the exercise session was no longer possible. Each test included 25 min of continuous swimming while supporting a weight. Blood was collected every 5 min via a small cut at the tail tip to assess lactate concentrations. Lactate concentrations were determined in a blood lactate analyzer (YSI 1500 Sport, Yellow Springs, OH, USA). The stabilizing criterion was a difference equal to or less than 1.0 mM blood lactate between 10 and 25 min of exercise.
Body weight
Body weights were recorded at the end of the experiments using a digital scale.
Glucose tolerance test: GTT
The GTT was employed to evaluate the glucose tolerance of the animals. This test was performed during the last week of the experiments after a 12-h fast in the first blood collection from a cut at the tail tip (time 0). The animals received a 20% glucose solution (2 g/kg body weight) via a polyethylene gastric tube. Blood samples were collected after 30, 60 and 120 min using heparinized capillaries and were calibrated to 25 lL volume for determinations of glucose levels. A single cut at the tail tip was sufficient to collect all blood samples. The glucose-oxidase method determined blood glucose levels. The results were analyzed using the area under the curve of serum glucose during the test by the trapezoidal method in ORIGIN software.
Insulin tolerance test: ITT
The insulin tolerance test (ITT) evaluated peripheral insulin sensitivity. This test was performed 48 h after the GTT in the first blood collection from the cut tail tip of the animal (time 0). The animals were injected subcutaneously with a crystalline insulin solution (LILLY U 40) at a dose of 30 UI/100 g body weight. Blood samples were collected after 30, 60 and 120 min using heparinized capillaries and calibrated to a 25-lL volume to determine glucose concentrations via the glucose-oxidase method. A single cut at the tail tip was sufficient to collect all blood samples. The removal rate of glucose (KITT), expressed in %/min, was calculated using ORIGIN software using a least squares curve analysis of blood glucose levels following insulin administration, during which serum glucose levels decay.
Animal euthanize and collection of biological materials
The rats were deeply anesthetized with CO 2 48 h after the last ''in vivo'' assessment and were euthanized by decapitation. Blood samples were collected to separate serum and glucose using commercially available kits (LABORLAB Ò ).
Adipose tissue
Adipose tissues from the mesenteric, retroperitoneal and posterior subcutaneous regions of the rats were removed for weighing. The excision of different fat deposits was performed according to Cinti et al. [24] .
Liver, heart and soleus skeletal muscle Portions of the heart, liver and soleus muscle were excised to determine glycogen levels using the method of Dubois et al. [25] .
Soleus muscle
Longitudinal muscle slices weighing approximately 25-35 mg were incubated in Krebs-Ringer bicarbonate medium enriched with glucose (5.5 mM) containing [ 3 H] 2-deoxyglucose (0.5 lCi/mL) (2-DG) and insulin (100 mU/mL) in glass vials for approximately 1.5 h with continuous O 2 /CO 2 (95%/5%) gas under constant stirring in a water bath (37°C). Glucose uptake was evaluated using the 2-DG as a marker, and radioactivity [ 3 H] was measured with the aid of beta particle counter.
Statistics
The data are expressed as mean and standard deviation. The Shapiro-Wilk W test was used to verify the normality of the sample. The results were analyzed using an analysis of variance (one-way ANOVA) at a pre-set significance level of 5%. The Newman-Keuls post hoc test was used when necessary. The statistical analyses were performed using Statistic program to windows. Table 1 presents the body weight and the weights of mesenteric, retroperitoneal and posterior subcutaneous tissues. Significant differences in body weight and mesenteric tissues were observed. The Trained animals exhibited lower values for these variables.
Results
Sport Sci Health (2017) 13:527-533 529 Table 2 presents the values of blood glucose and the area under the glucose curve during the GTT. Control animals exhibited a larger area under the glucose curve than did the other groups. The detrained animals tended to display larger areas than did the trained group. Table 3 presents the values of blood glucose and the glucose removal constant (KITT) during the ITT. No statistically significant differences were observed between groups.
The following values of the exercise loads relative to body weight (%) for the MLSS were observed: Control 4.6 ± 0.4, Trained 5.8 ± 1.3, Detrained 5.3 ± 0.4. The control animals exhibited a lower exercise load relative to the body weight (%) in the MLSS compared to Trained and Detrained animals. No significant differences in the values of serum glucose were observed (Table 4) . However, statistically significant differences in muscle glycogen levels in the soleus muscle, liver and heart were observed (Table 4) . Trained animals exhibited higher glycogen concentrations compared to Control and Detrained animals. 
Discussion
Physical exercise that is performed in a controlled manner (e.g., with a specific frequency, volume and intensity) provides several benefits to the organism, such as disease control and improvements in aerobic capacity. Improved physical fitness is expected using a systematic program of physical training [10, 26, 27] .
The main results of this study are that the physical training in middle-age animals protected against the increase in the body weight and visceral fat depots, caused by aging, as well as increased muscle glycogen content. However, it is the necessary maintenance of this training, because this effect was abolished by physical deconditioning. Additionally, the physical training prevented the decrease in the glucose tolerance and muscle glucose uptake due to aging and this effect was maintained after physical detraining.
Decreases in body weight and the weight of mesenteric adipose tissues were observed in the Trained group, which is consistent with previous results reported in the literature [28, 29] . The increase of fat in the mesenteric region is closely linked to insulin resistance and other metabolic disorders [30, 31] . The Detrained animals exhibit similar body weight as compared with the control group, possibly because these animals remained inactive for 4 months, which supports a reduction in calorie expenditure compared to the Trained group.
The body weight reduced in mice C57BL/6 trained for 4 weeks and this alteration was reversed after 2 weeks of physical detraining. The lipolytic activity stimulated by There are no statistically significant differences among groups (oneway ANOVA p \ 0.05) citrate synthase activity increased in trained group, but was reversed by detraining [28] . Therefore, physical exercise must be maintained throughout the life of the individual to maintain metabolic adaptations, such as increases in basal metabolism. Physical training did not modify serum glucose levels. Physical exercise does not improve glucose levels in elderly normoglycemic individuals, but exercise effectively lowers glycemia in elderly pre-diabetics [32] . On the other hand, the reduction in the area under the glucose curve in Trained animals is an important adaptation because smaller values on the glucose curve during the GTT indicate an improved body response to glucose exposure (hyperglycemia) in which the glucose absorption into the bloodstream is more efficient. Therefore, exercise prevents glucose intolerance, which is extremely important because glucose intolerant individuals exhibit an increased risk (11%/year) of developing type-2 diabetes compared to normal individuals [33] . Exercise also decreases glucose intolerance [34] [35] [36] .
Insulin sensitivity is not altered in any of the experimental groups, suggesting that the improvements in glucose tolerance were due to changes in the translocation of glucose transport (GLUT)-containing vesicles from the cytoplasm to the cell membrane. This translocation increases the intracellular entry of glucose. Hypertensive animals trained for 10 weeks showed an increased expression of GLUT-4 [37] .
Control animals exhibited a lower MLSS workload compared to the Trained and Detrained groups, which corroborates previous studies [38, 39] . Interestingly, the Detrained animals exhibited a relative MLSS workload that was greater than the Controls, but this value was reduced compared to the Trained animals. These results suggest that the adaptations in this parameter persisted until the end of the experiment.
Lo et al. demonstrated that individuals who trained aerobically for a period of time and were subsequently maintained for 24 weeks without training (i.e., ''detrained'') lost the achieved adjustments with training and exhibited an increase in body weight and reductions in VO 2max [40] . Other studies [29, [41] [42] [43] [44] [45] have argued that detraining produced losses in aerobic capacity, altered body composition and decreased basal metabolism. These results are observed in athletes and healthy adults with physical restrictions.
Exercise effectively increased muscle glycogen stores in trained animals in the present study. However, the muscle glycogen levels in Detrained animals were similar to the Control animals at the end of the experiment due to the long period of detraining. This result confirms the findings of Pauli et al. [31] who also observed an increase in muscle glycogen in animals subjected to physical training for 10 weeks. These results are also similar to previous studies [10, 15] . Muscle glycogen stores are important in the performance of prolonged exercise because this substrate is required for muscle contractions [14] .
However, physical training did not alter glycogen deposits in the liver and the heart, which suggests that the GLUTs in hepatocytes, cardiac myocytes and muscle cells are distinct, and the adaptations to exercise may be different.
Glucose is an important substrate for the performing of muscular work, and differences in Glucose muscular metabolism between trained, detrained and control (sedentary) animals should be discussed. Therefore, glucose uptake in incubated soleus muscle was evaluated. Trained animals exhibited an increased glucose uptake compared to the Detrained and Control animals, which suggested that regular exercise exerts a beneficial effect on glucose uptake [20] . Previous studies have also demonstrated that physical exercise, including acute activity, increases the phosphorylation of the insulin receptor, which enhances glucose uptake in elderly animals [30] .
Therefore, physical exercise at submaximal (80% of MLSS) intensities induced important changes in rats at middle age, such as reductions in body weight and the weight of mesenteric adipose tissue and increases in the exercise load, as measured by MLSS intensity, glucose tolerance, deposits of muscular glycogen and glucose uptake by skeletal muscle in Trained animals. However, only the alterations at aerobic capacity, glucose tolerance and muscle glucose uptake were maintained after detraining. Physical exercise with submaximal characteristics is Table 4 Mean and standard deviation of serum glucose (mg/dL), heart, liver and muscle glycogen (mg/100 mg) and glucose uptake by isolated soleus muscles (lmol/g/h) more attractive and easily adopted by the healthy population and individuals with metabolic disorder.
